Wild plant gathering and consumption has previously been described as being unimportant during the Bronze Age in the western Netherlands. It was believed that the people were full-time farmers and that the food produced on the settlement was enough for people to be self-sufficient. However, the analysis performed here to re-evaluate this statement has shown that wild plants were also essential to life in the Bronze Age. The combined information obtained from ethnography, ethnobotany, archaeology, ecology, nutritional studies, and physical anthropology has indeed indicated that wild plants, and especially their vegetative parts, would have had to have been gathered yearround in order for people to remain healthy.
Introduction
The Bronze Age in the western Netherlands (ca. 2000-800 BC) is characterised by permanent settlements and the practice of mixed farming. Crops and domestic animals were produced by these settlements and people were seemingly self-reliant, overthrowing the need for wild resource exploitation. Some would even go as far as to define these farmers as living with their backs towards nature and suggest that edible wild plants (were) practically abandoned during the Bronze Age (Louwe Kooijmans, 1993; Brinkkemper, 2013) . However, one of the areas in the (north-)western Netherlands, West Frisia, has yielded large amounts of botanical remains, also from wild plant species. Therefore, the available data from West Frisia was utilised to re-evaluate the previously mentioned statements and to re-assess the importance of wild plant gathering for Bronze Age subsistence. The disciplines employed in this re-evaluation include ethnography, ethnobotany, archaeology, ecology, nutritional studies, and physical anthropology. This interdisciplinary approach has provided concrete evidence that wild plants still formed an essential part of the Bronze Age diet, and its subsistence at large.
Materials and Methods
In this study, the need for wild plant exploitation in the Bronze Age is based on evidence from several disciplines. The information obtained from these disciplines is used as a comparison with the data from West Frisia, The Netherlands. Each of the applied disciplines will be briefly discussed below.
Ethnography
The ethnographical work by Murdock (1981) was employed here to create a general idea of the importance of wild plant gathering in the subsistence of mixed (i.e., crop and animal husbandry) farmers. A selection was made from the available culture groups researched by Murdock, so that only the cultures remained that presumably most closely resemble the Dutch Bronze Age situation. The selection criteria were: more than 50% of the food economy needed to consist of crop and animal husbandry (i.e., full-time farmers); the type of agriculture needed to be intensive agriculture on permanent fields with short fallow; crops needed to consist of cereals; settlement size needed to be relatively small, consisting of homesteads, hamlets, or compact settlements; and animal husbandry needed to be focused on bovine animals. It is worth noticing that the work of Murdock only reviews the food economy part of subsistence.
Ethnobotany
Several ethnobotanical studies were consulted to investigate the range of wild plant species used by European (farming) communities (Ertug , 2000 (Ertug , , 2004 Łuczaj, 2010 Kalle and Sõukand, 2012) . Also, an online ethnobotanical database (PFAF 2015) was consulted to evaluate the edibility of the West Frisian wild plants, as well as the part of the plant used for consumption.
Archaeology
Some archaeological indications for prehistoric wild plant collecting and consumption were listed by Behre (2008) . This information is mainly based on the presence of wild plant seeds in the stomach of bog bodies and as pure concentrations on excavated settlement sites.
Ecology
The ecological groups to which the found plant species belong were based on the work of Tamis et al. (2004) . These groups were applied to the plant species in order to identify if a plant species could have grown strictly locally or whether it was more likely that the assemblage was the result of intentional gathering from the further surroundings.
Nutritional studies
Information on present-day human nutrition requirements was obtained from a World Health Organisation/Food and Agriculture Organisation of the United Nations report (WHO/FAO, 2002) . In this report, the most critical micronutrients were listed for people with a staple diet consisting of cereal grains. The essential micronutrient requirements in this report were used as a guideline to calculate the adequacy of a farmer's diet in relation to wellbeing with and without the presence of wild plants. The farmer's diet without wild plants was assumed to consist of cereal grain, beef, and milk (WHO/FAO, 2002; Piironen et al., 2008; Chatzav et al., 2010; Raw milk, 2015; USDA, 2015) .
Physical anthropology
Reports on north-western European human skeletal remains dated to the Bronze Age provided indications for general health as well as specific indications for nutritional deficiencies (Bennike, 1985; Smits and Maat, 1993; Hermanussen and Kühl, 2006; Mays, 2008; Mount, 2012; Tornberg, 2013; Veselka, 2015) . 
Results and Discussion

Plant gathering in farming communities
The combination of ethnographical, archaeological, and ethnobotanical studies has given indications for the use of wild plants in present-day and prehistoric communities. Ethnography has provided general information on the consumption of wild plants as an addition to the diet, and archaeology has provided the general information on the consumption of specific wild plant species preserved in bog bodies and soils. The ethnobotanical studies on farming communities from Poland, Slovakia, Estonia, and Turkey have provided an even more detailed view on wild plant use. In these studies, all the uses of specific wild plant species are recorded. For example, from the study of Ertug (2004) it has become clear that 44% of all collected wild plants in Turkey are collected for consumption, and that most of these are collected for their vegetative parts (Ertug , 2000 (Ertug , , 2004 . The other countries differ in their preferences for collecting specific wild plant parts, but the general consumption of wild plants remains important for subsistence.
Edible wild plants in West Frisia
The plant species from West Frisia normally termed weeds were evaluated on edibility and plant part used for consumption with the aid of the online ethnobotanical database (PFAF, 2015) . Only charred seeds/fruits from ditches around houses (these ditches are dry gullies dug around the houses, in which household waste has accumulated) were used for this analysis, because this particular preservation state and context most accurately signify the probability of human use. This means that the results shown here represent a tip of the iceberg of the potentially much larger taxa list of plants used by Bronze Age people when also uncharred remains are considered (van Amerongen, in press). The information obtained from the different disciplines mentioned above was applied to and compared with the West Frisia data. Also, the ecological growing locations of the plant species were translated into groups representing the growing location in relation to the house (e.g. local or off-site). Within such a group, plant species that belonged to the same genus and had similar edibility and edible part characteristics were combined. This combination was made because the ethnobotanical studies show that plant species from the same genus, with similar appearance, taste, and edible parts, are often collected together and can even have the same local name (Ertug , 2000 (Ertug , , 2004 Łuczaj, 2010 Kalle and Sõukand, 2012) .
A wide variety of wild edible plant species is represented in the West Frisian data, originating from a wide variety of ecological locations (Table 1) . A recent study on wild plant use in present-day Europe indicates that plant collecting mainly takes place relatively close to the home (Schulp et al., 2014) . This is consistent with the image obtained from West Frisia, because many plants with high frequencies derive from local, settlement, or arable locations (Table 1) .
Almost all of these plants are also known to have been collected based on the employed archaeological and ethnobotanical studies ( Figure 1 , bars with plus signs; Ertug , 2000 Ertug , , 2004 Behre, 2008; Łuczaj, 2010 Kalle and Sõukand, 2012) . Off-site plant species actually form the broadest group, however, and even though they are known to be edible from the ethnobotanical online database, not all are recorded in the European ethnobotanical studies (Figure 1 , bars without plus signs). Perhaps these plants represent a local preference or a local availability of these species. Alternatively, they could have been an essential food source in times of scarcity, which may no longer be experienced at similar scales in (northern) Europe today.
Another striking aspect of the data is the difference in frequency of plant remains. Some species are highly represented, although many appear to have low frequencies. This difference can be explained by evaluating the part of the plant consumed. The lower frequency plants almost all seem to fall in the category solely collected for its vegetative parts ( Figure 1 , green boxes; PFAF, 2015) . The other species can be collected for both their seed/fruit and vegetative parts. Since vegetative plant parts are usually Open, nutrient-(especially nitrogen-)rich, wet soil Off-site 8 4a
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Fresh to medium brackish, nutrient-rich waters Off-site 3 4c
Fresh, medium to very nutrient-poor waters and their periodically drying banks Off-site 43 4d
Water way deposits, wet brushwood, and river-accompanying willow brush Off-site 4 5a
Fertilised grassland on medium moist soil Off-site 114 5b
Medium fertilised grassland on medium moist soil Off-site 1 6d
Grasslands on dry, medium nutrient-poor, poor calcareous, acidic soils Off-site 6 7a
Medium nutrient-rich, poor calcareous, acidic eutrophic peat bogs, and wet, humous dune valleys Off-site 2 8b
Borders on nutrient-(especially nitrogen-)rich, non-calcareous, humous, medium moist soil Off-site 13 8d
Brush on medium moist to dry, nutrient-rich soil Off-site 2 9a
Forests on nutrient-rich, moist-to-wet soil Off-site 9 Total off-site 205 collected when the plant is not (yet) bearing seed, although this may sporadically occur, the chance of finding seeds from these plants is much lower than when plants are especially collected for their seeds. Therefore, plants collected for the latter purpose will always be over-represented in the archaeological record, because of all plant parts, seeds/fruits are preserved the best. Still, the number of West Frisian species potentially collected for vegetative parts is high, which is again comparable to the ethnobotanical studies.
Taphonomical considerations
The data comparison has shown that the potential for wild plant collecting, for seeds, and especially vegetative parts of plants, was high in West Frisia, particularly considering the narrow selection (house ditch charred remains) made on the total available data. It provides an insight into the gathering practices of Bronze Age people, and underlines the potential and importance of wild plants in the diet.
Based on Figure 1 , it is clear that the actual spectrum and importance of wild plants used, especially for the vegetative parts, does not become apparent by only considering high frequencies of crops and wild plants (Brinkkemper, 2013) . Low frequencies can be just as informative when considered properly. However, in order to evaluate the importance of wild plants represented by only low frequencies of seeds, the effect of taphonomy and the use of different plant parts need to be taken into account first. Since wild plant species collected for their vegetative parts are not well reflected in the archaeological record, it needs to be researched whether the low frequencies of wild plants in the Bronze Age can be explained by taphonomical processes, or by the (near) absence of gathering practices.
Diet and nutrition
Considering the quotes mentioned in the introduction, it seems that Bronze Age people could rely very well on their own produced food sources without the addition of wild resources. Nutritional studies were employed to evaluate whether such practices would indeed result in a healthy population.
The five most essential micronutrients for people consuming staple diets based on cereal grain are vitamin A, C, folate, iron, and zinc (WHO/FAO, 2002). Deficiencies (i.e. prolonged levels of less than 100% of the daily recommended nutrient intake) of these micronutrients can result in (fatal) ailments such as blindness, scurvy, anaemia, disrupted brain and muscle development, and stunted growth and higher susceptibility to infectious diseases, respectively (WHO/FAO, 2002). The Bronze Age farmer's diet was reconstructed assuming it normally consisted of cereals, beef, and raw milk (Piironen et al., 2008; Chatzav et al., 2010; Raw milk, 2015; USDA, 2015) in order to assess whether it provided high enough levels of the critical micronutrients. The assessment showed that this is indeed not the case and that without additional food sources, vitamin A and C levels are greatly insufficient (Figure 2 ). Diets consisting only of the domestic food sources produced by the settlement would result in a population either dying from scurvy (vitamin C deficiency) or suffering from blindness (vitamin A deficiency). Assuming neither was the case, people must have had access to vitamin A and C rich sources.
Sources of vitamins A and C
Vitamins A and C may be acquired from animal sources, but there they are only available in low amounts and on a seasonal basis. Plants such as pulses or legumes, (leafy green) vegetables, and fruits however, have a high micronutrient density and are the preferred way of obtaining critical micronutrients (WHO/FAO, 2002), including vitamins A and C. The cultivation of legumes and vegetables is difficult to assess due to the fact that these plants are often harvested before setting seed. Evidence for their cultivation has been absent in West Frisia as well, despite the large dataset available. Therefore, wild plants must be con- sidered, which are valuable resources of micronutrients as well.
In order to assess the vitamin A and C potential of wild plants in West Frisia, nutrient profiles of the wild plants from the data comparison were composed. The information on the critical micronutrients of these plants was obtained from research on Canadian indigenous people's wild plant use (Kuhnlein and Turner, 1991) . Although general micronutrient content may vary depending on the environmental conditions in which a plant grows, this mainly affects minerals, since these are absorbed from the surroundings. Vitamins on the other hand, are produced by the plant itself and are only influenced by available sunlight, location, and seasonality (Bernstein et al., 1945; USDA, 1948) . Since Canada has a relatively similar latitude to north-western Europe, and therefore has mostly comparable sunlight hours and seasons, conditions which may affect vitamin content of wild plants are deemed largely comparable to West Frisia. In addition, many wild plant species are present in both areas.
A list of the vitamin content of the West Frisian wild plant species on which data was available was composed (Table 2) . In this list, the energy obtainable from each species was compiled based on 100 grams of raw material, as well as the actual vitamin content of the plant species, its nutrient density (ND), and the amount of grams needed of each species to obtain the required 100% daily intake value (DV) of vitamin A and C.
Vitamin contents of West Frisian wild plants
Many of the West Frisian wild plants proved to be naturally rich in vitamins. The vitamin A and C content is highest in greens and leaves, although roots of Daucus carota also contain levels of vitamin C. Of the seeds, not much data was available on vitamin content, but they generally contain much less vitamins than young green parts of the plant. This would be an explanation for the fact that many present- Table 2 . Energy and vitamin content based on 100 grams of raw material of the wild plant species uncovered from Bronze house ditches in West Frisia, The Netherlands. Also indicated are the nutrient density based on 100 grams of raw material, as well as the amount of grams needed of each species to obtain the required 100% daily intake value.
Taxa
Part used Energy (kcal) Vitamin C Vitamin A mg % ND 100% DV (g) RE (µg) % ND100% DV (g) produced by farmers. From the plants of which greens and leaves are consumed, only 35-150 g of raw material needs to be eaten daily to meet vitamin C requirements (Figure 3 ). Especially greens of Brassica rapa, Chenopodium album, Urtica dioica, and Rumex crispus are very nutrient-dense. These species also grow at locations that are easily accessible to the farmers, since they can occur at the settlement or on arable fields. Plantago major leaves on the other hand, have relatively low vitamin C levels, so that more than 600 g needs to be consumed to meet demands.As said, vitamin C can also be obtained from the roots of Daucus carota, of which 200 g provides the daily-required levels. This plant could provide vitamin C during winter, but people would have to travel somewhat further from the settlement to obtain it because it grows on nitrogen-rich grasslands. Alternatively, people may have cultivated these plants in a vegetable garden, but the presence of such gardens in West Frisia remains undetermined. Vitamin A is supplied by less species, but still 50-150 g of raw plant material is sufficient for most species to reach demands. However, the roots of Daucus carota, which are available during winter, do not contain vitamin A, which may form a problem during that time.
Indications for general health and nutrient deficiencies in the Bronze Age
Examples of general health level and possible micronutrient deficiencies in the Bronze Age were sought in the literature, to assess the probability of a deficient diet during this time period.
General health
The general health of past people can be identified by several types of marks present on the skeleton. These include porous bone in the top of the eye sockets (i.e. cribra orbitalia), growth arrest lines in femur or tibia (i.e. Harris lines), enamel formation arrest lines (i.e. enamel hypoplasia), dental caries, and overall stature.
Unfortunately, only a few indications for the general health of late prehistoric people exist in this area of Europe. A study in Sweden (Tornberg, 2013) includes remains from the Swedish Late Neolithic/Early Bronze Age (2300-1100 BC), and one other study was performed in Denmark (Bennike, 1985) , encompassing only the Danish Late Neolithic (2400-1800 BC). Finally, in Northern Germany, Bronze Age/pre-Roman Iron Age cremation burials (500 BC-100 BC) have also given indications for general health (Hermanussen and Kühl, 2006) . Although the cultural time periods researched in Sweden and Denmark differ from the Dutch periods, these times in prehistory are roughly comparable to the Early Bronze Age and Middle Bronze Age in the northern Netherlands. The German study falls just outside the Dutch Bronze Age, but will give indications for general health in the following period. Therefore, the data from these investigations into past health is used as a comparison for general health conditions during the Bronze Age in West Frisia.
Overall, thestudies seem to indicate a sufficient general health level, based on dental health, nutritional deficiency, stature (length of an individual), and healed trauma.
In the Netherlands, research towards stature and healed trauma on skeletons from the coastal area and from West Frisia was carried out. The results indicated that overall health in the Bronze Age was good (Smits and Maat, 1993; Veselka, 2015) .
Specific evidence for nutrient deficiencies
Not all micronutrient deficiencies common in cereal based staple diets are reflected in skeletal material. Of the critical micronutrients, only vitamin C and iron deficiency can be recognised. Vitamin C deficiency can cause internal lesions and can provoke an effect on bones, but only when haemorrhaging takes place close to the skeleton. Iron deficiency causes anaemia, which in turn causes porous lesions to occur in the top of the eye-sockets. However, it must be kept in mind that anaemia can also be the result of the body's defence against pathogens, so it can signify infection rather than iron deficiency as well. Evidence for both conditions are found in the Early Bronze Age, although they seem rare (Mays, 2008; Mount, 2012) .
It has become clear from the above examples, that Bronze Age people will surely have experienced times of nutrient scarcity in their diet, possibly annually. However, overall, they seem to have possessed a sufficient general health level without major deficiencies in vitamin C and iron in their diet. It can therefore be assumed that under normal circumstances, Bronze Age people were able to obtain enough vitamin C, but not without the consumption of wild plants.
Conclusions
The use of wild plants will have been essential to the diet and well being of Bronze Age farmers. Relying solely on what can be produced by the settlement will have resulted in severe deficiencies, ultimately leading to death. Of course, people will not have been aware of micronutrient levels in their diets in the manner that is possible today. However, through a combination of cause-and-effect reasoning and thousands of years of knowledge of wild plant use in their ancestry, people will have realised the importance of a varied diet, which (still) included wild plants. Wild plants will have formed a constant vitamin-rich food source throughout the year, of which far more parts were gathered and consumed than just a few berries or nuts in autumn. Now that this practice can also be expected for the Bronze Age, more (specific) research towards the role of wild plants for subsistence should be undertaken. 
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